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FOREWORD

This handbook was prepared by Rockctdyne, a Division
of North American Aviation, Inc., Canoga Park,
California, on Air Force Contract AF04(611)-8515 under
Task No. 3850306 of Project No. 3850, "Total hnpulse
Measuring System for Solid-Propellant Rocket Engine
(Research)." Contract AF04(611)-8515 consists of a
program for the analysis and design (Phase I), fabrica-
tion and testing (Phase I_), and installation and testing
(Phase ILI), of an accurate (0.1%) solid-propellant
total impulse measurement system for Edwards Air
Force Base. This handbook is submitted to present
the installation and operational procedure of the system.
It was prepared by the Instrumentation Research Group
of the Rocketdyne Research Department.
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GENE.SAL SYSTOi DECStIPTIUN

.'he :Iocketdyne Solid ?rouellant Total Impulse Ii'eas'urement System is an

clectro:.echanical instrument which provides very precise measurements of

-otor thrust and its time-integral, total irpulse, at thrust levels up to

1C',O00 pounds. bvhen in use, toe solid propellant motor produces a thrust

force whicn compresses a strain-gage load cell to obtain a dc voltage wnicfn

is linearly proportional to tne thrust force. This dc volta6 e is applied to

input of a voltage-controlled oscillator to produce a train of pulses whose

repetition rate is linearly proportional to the dc voltage and, hence, motor

thrust. An electronic counter totalizes the num.ber of pulses produced ouring

the cropellant burning time, and the number so produced is, consequently,

linearly proportional to the time-integral of the thrust, or total i.,Ipulse,

o0' the burned propellant.

'I'he calibration of the entire system is accomplished by the generation and

use o0 iydraulic pressures produced by very accurate, remotely operated, dead

;;eignts supported on an oil column and supplied to a precision piston to

_jrcduce accurate static forces. The forces so produced are inecnanically

transmitted to the ,,otor support by rods extending through clearance noles

in a massive concrete retaining abut:aent. The total impulse calibration of

the eL:tire system is accomAlished b. counting the number of pulses benerated
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in one second by one of the specific static caliur;tion forces. Ine calibration

constant is obtained by the division of tnis number by tne value of tne

static force. The units of the calibration constant obtained by tnis let:•od

are consecuently tne number of pulses per pound-second of impulse. Ln order

to obtain the most accurate use of the measurement system, static calibrations

are made inediate]y before and after each propellant test to eliminate the

effects o"' long-term drifts in tne determination of the calibration constant

used in data reduction operations.

PHSSi CAL

The general configuration of tne mecnanical system and coi.ponents of the 20'

x 5' x 5', approximately 22,000 pounds, two-piece, test stand is snown in

Fi6. 1 and in most of the accompanying photographs. Tne larger, 1' long,

approximately 18,000 pounds forward section consists of: ý]) a motor support

section, (2) a thrust collector and distributor section, (3) a concrete

abutment and I-beam base frame, and (4) the calibration piston assembly and

tie-rods. The smaller, 7' long, approximately OOO pounds, rear section of

the two-piece test stand consists of: (1) the master pressure standard, consist-

ing of precision dead weights and hydraulic cylinder (dead weight gage! pump,

valves, and oil reservoir; (2) an electronic calibration control box, (3) a

,vcather-tight enclosure for the protection of the calibration system, and

(L) the primary and secondary I-beam base frames.
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The installation provisions on the test stand include liftint-eye bolts on

both sections, six tiedown bolt locations on the 2argcr, forward fection

(two each at the rore and aft ends of the concrete abutment and tio at the

rnotor end) and four tiedown bolt Jouations on tne smaller, rearward section

(two at each end). 6levation adjustment Lolts are j•rovided at the sides of

both sections to facilitate level installation wnen used in coiijunction wi-6,i

suitable shims located adjacent to the tiedown bolts ksee pnotos for details).

The genera] configuration of the electroniC equipment cabinet located in the

control room is shown in photos 2 and 6 . The enclosure contains the inte-

grating digital voltmeter which performs the electronic integration of tne

thrust-time curve, the load cell power supply and bridge balances, and the

control panel for the remote operation of the calibration system. Not shown

is a pulse modifier to enable the tape recording of the voltage-controlled

oscillator pulses.

ELECT.)ICAL

The electronic measurement system consists of two specially constructed metal

foil strain gage bridges powered and balanced, respectively, by an all-transistor

supply and Kelvin-Varley voltage dividers. Tne bridge output signals are

supplied directly to a precision integrating digital voltmeter, with no

intermediate attenuating circuitry. To reduce electrical noise to a minimum,

the system features a floated and completely shielded measuring circuit
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extending from the strain gage load cell on the test stand to the electronic

integrator, power supply, and bridge balances in the remotely located control room.

The circuitry in the power supply and bridge balances are isolated from their

respective chassis, which are, in turn, isolated from their respective front

panels. In this manner, these units are insulated from their common mnounting

rack in order that their separate ground wires would provide maximum versatility

in grounding problems invariably encountered in precision electronic measurements.

The measurements o;' total i:apulse are presented as a direct reading digital

display and also as a pulse train output wnicn, if suitably recorded and

played back at a later tine, provides the basic information needed in any

delayed integration. A very wide range of measurement sensitiviVi, along

with very nigh resolution, is provided by the dual means of digitally selectable

input power to the thrust transducer and the multi-range input circuit of the

integrator. Identification of specific components of tne measurement circuit

includes a Baldwin-Lima-Hamilton Corporation special C3P2S load cell, Systems

Hesearch Corporation special power supply and bridge balances, and a Dymec

(Hewlett-Packard Company) Model DY-2401A integrating digital voltmeter. Complete

specifications for stability, linearity, hysteresis, and temperature effects

are given, where applicable, for all electrical measurement system components.

Simplicity, maximum accuracy, and utility of equipment is provided by the single

integrating digital voltmeter employed at the strain gage output. Its use

provides: (]) the necessary high-accuracy bridge balance indicator during
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pre-ca]ibration procedures, (2) the iigh-accuracy one-second integrator needed

in static calibrations of the system, and (3) the externally-gated integrator

necessary for extended-ti.;ie integrations of motor thrust time curves.

The electrical features of the hydraulic calibration system are associated

iwitn botn its re:mote operation and its accuracy. Geared-down electric motors

rotate the cylinder of the piston assembl. and also the support of the pressure-

producing weights in the master pressure standard to eliminate static friction

ctherwise present. Associated with the remote programming of static forces

are solenoids to actuate the weight-holding pins, electric motor drive of

tthe hydraulic pump, and photocell weight position detection circuits.

SPECIFI CATIONS

The overall system performance in preliminary static calibration tests performed

at .iocketdyne is described as follows, in which all values are referenced to

the maximum level to wnich it is calibrated:

Linearity 0.005% (Expressed as maximum deviation from a straight line
drawn ;nrough the origin and the full-scale point.)

Hysteresis 0.025%

Repeatability 0.01 % (Deviation from full-scale point)

Root sum square 0.027%
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INSTAPLJATIuN AND uriA-'i2lýAN

- • TAIL'LATioh

Overall Test Stand and Calibrator

Test Stand Leveling and 'iiedown. Level i:.sta]]ation Lf tiLe for,:aru auutment-

motor section o' the test stand is acCompl-sned by the use of t;ie elevation

adiustment bolts ]ocated at tri sides of the 1-bean base asse;'.bJ, togetner

witn a precisicr. square and spirit level on tne -acnineu :nountinb faces of

tne concr-te abutment. The quality of tne square ano level slouLd be •. S.

Starrett Company No. 2C series (Q inch) arid ho. 96 series kc inch), respectively,

or equivalent. Fore-and-aft leveling of the abutment is indicated by tne level-

square co:ibination placed securely against the forward mountin6 face at tne

side of the conical load distributor. Adjustment of the elevation bolts at

the forward and rear edges of the abutmant is tnen .. ade until the level

indi-:ates satisractorily. Lateral, or transverse, leveling of tue aI'utment

is accomplished by inserting two 2/4 inch dowel pins in the to, row of holes

in the forw;ard mounting face and supporting the level or. them. mre elevatioi,

bolts should be adjusted in pairs during this leveling operation in order that

the fore-and-aft leveling will not be disturbed. Upon cormpletion of the

abutment leveling operation, suitable shims should be placed as close as

possible to the tiedown-bolt locations at the "orward aot, rear edges of the

abutment. These bolts are tnen installed and secured. in.•tallation of suins
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and tiedown bolts at ;ne zi•otor end of tne te:,t titaci is tnen made anid all eleva-

tion ad'iustment Lolts backed off so tiiat all of taie weignt of tine &ection is

supported at tne six tiedown-bolt locations.

The rear section is inrta]led Ly butting its I-beam base ti~itly against Inat

of the forward section to compress the neoprene seal strips extending across

the mating; edges. The elevation ad.us-itment bolts of the rear section are used

to obtain suitab]e mating of the weathertight enclosure to concrete abutment

and its adjoining rear base plate. The separate leveling provisions of the

n:.'drau]ic calibratcr ccntained within the rear section allow wide use of the

elevation bolts for this purpose.

Hydraulic Calibrator Installation. Installation of the hydraulic calibrator

is made in the L-teps referenced in the detailed component description section of

this manual.

Control Room Equipment

All control room eouiument is contained in a sin&g-e eiiclosure (see pnoto 2)

and all cable connectors are located in the rear of eacn rack-mounted unit (see

photo 8 ). A total of about 25U watts of 110 VAG, W0 cycle, single pnase

power is used by the various units. Input power cables are supplied with all

units to enable their plug-in to common power outlets within the enclosure.

Mating connectors for both load cell cables, and all inter-unit cables within

the enclosure are supplied by Rocketdyne.
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OPEATIUN

Pre-Ca] ibration Operations

karm-Up. At ]east one hour of warm-up time is required for satisfactory

operation of the total impulse measurement system to produce the accurate

measurements of which the system is capable. Consequently, the 110 VAC power

to the Lyrnec integrating digital voltmeter and the Systems Research Corporation

strain-gage power supply, and Lhe correct dc power to the load cell, should

be turned on at least one hour before performing any calibrations. No warm-up

of tne Auska hydraulic system is required, and electrical excitation of the

nydraulic system prior to its use is not recommended in order to conserve tne

belt drives of the piston and weight support.

Dymec Zero and Span Adjustments. After warm-up the lýymec Integrating Digita.

Voltmeter is adjusted for zero and span settings according to instructions

contained in the handbook for this instrument published by the Hewlett-

Pacirard Company.

Ruska Calibration System. Excitation of the Ruska hydraluic system is performed

according to instructions referenced in the detailed component description

section. The Ruska calibrator must be vented by depressing the ZKECUTE button

with the force selector switch set at 0 pounds force before balancing the

bridge circuit.
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Load Gcl] bridv-e balanca. hith Uhc desired dc excitation suplicd to tne ]oiýd

cell, suitable balance of' tne strain L.a6e bridge is accompishea by tue use

of the bymec intetratinIL digitai volti;aeter iz, its direct-readiju, JI.illivolutmt.,r

rmode of operation (see Dymec handbool-j. rianipulatioi, of tne -.jstems iesearcn

Corporation bridge balance dial zettinrs is performed to outain a bridge balance

within one :'.icrovolt.

Test Stand h&ercise. A pre-calibration load of l),O•CO pounds in the sequence

of O-]OOO-lO,00-1000-O pounds should be applied to the load cell by the

calibration system for the purpose of mechanically flexing all stressed components

of the test stand. Sufficient exercise of the system is obtained with minimum

dwell time at each of the stated force levels. Uperation of the calibration

system is performed according to the instructions in tne description of the

lusl-a cal ibrator.

Aeset of bridge balance. A rebalancin6 of the strain gage bridges snould be

made immediately prior to each calibration performed in order that &mnal] zero

offsets are not incorporated into the calibrations.

A suimarized list of tne described pre-calibration steps is t iven below:

Test Number

Date

Time Equipment Turned on O'clock

Vent Ruaka Calibrator

9 At-5575
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PRE-T~qT c•CWV AIST (After 11 hour warmup)

1. Time O'clock

2. Ambient temperature

3. Baromctric Pressure

h. .elative Humidity

5. Vent Auska Calibrator

t. Set Integrating Digital Voltmeter hero

7. Calibrate Integrating Di 6ital Voltmeter

8. Load Cell Supply Setting

9. Load Cell Suprly Voltage Dial Setting

10. Adjust Bridge Balance Unit to zero output

11. Bridge Balance Unit Dial Setting

12. Exercise Ruska Calibrator (0-1000-iO,OO0-1000-O pounds)

13. Repeat o, 10, and 11.

24. Final Bridge Balance Unit Setting

Cal ibrations

Static calibrations of the entire measurement system are performed by the

operation of the Ruska hydraulic system, either rer.otely from the control

room or locally at the test stand, and noting the output electrical sigrnals

of the load cell with the Dymec integratint digital voltmeter at each step

of the loadin6 and unloading sequence of force productions. The most accurate
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uIse of the measurement systei is obtained b½ tne calibration of only ttat

part of the total force capacity actually used in propellant t.•ts. For

example, if a particular propellant test is expected to be at approximately

a 5000 pound thrust level, the systex. should be caliLrated over tne O-UOQO

Spound range. Use of the system in this manner minimizes the hysteresis errors

in the calibration and produce4 system performance consistent with the

systems capability of O0.% maximum error from all causes.

As in bridge balance operations the Dymec integrating digital voltmeter is used

in its direct-reading milli~oltmeter -.ode of operation. Since tne static

calibrat3 ;s yield the total impulse calibration constant of the system, it

is necessary to express tne constant in the units of "number of pulses per

pound-second" of impulse. Hence, if different ranges of sensitivity of the

Dymec integrator are used for static calibrations than for i.-tor thrust inte-

grations, &,- opriate care must be enployed to incorporate this difference

in the data r.-action. For example, static calibrations employ the 0.1 volt

i range in order t achieve the breatest possible accuracy, wnereas motor thrust

integrations wi usually employ tne 1.0 volt range in oroer tr.at tne 5 digit

number capacity is not exceeded during a motor test. Hence in this specific

case, the actual number displayed by the integrator at the end of a notor run

must be multiplied by 10 to obtain the correct number of pulses associated

irith the more sensitive range used in the static calibrations.
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integration of Motor Thrusts

The preparation and use of tne ovcral] systen for inttegratioi, of motor tnrust-

time curves is accomplished entirely by front-panel controls on tne control

room equipment enclosure. The followinb sequence of switchini: operations is

suggested:

1. Vent tne Rusla hydraulic system of any small residual pressure by

setting the force selector switch to 0 pounds and operating the

EXECUTE push-tutton. This operatiorn raises the entire stack of

weights to its elevated position, opens the solenoid relief valve

to the oil reservoir, and returns the stack of weights to its unused

configuration. This operation insures that no force is applied to

the load cell from the calibrator.

2. Ealance the strain gage bridge circuit to be used for the integration

with the dc input power at the value used in the static calibrations.

The Dymec integrator is used as a millivoltneter on its 0.1 volt range

during this step.

3. Convert and use the Dymec integrator in tne integration mode by follow-

ing the steps listed below:

a. Select the suitable sensitivity ra.ge consistent w.th tne total

number of counts expected from operatic i of the notor. - or

R-5575 12



example, suppose that a 53.t)00 mi]livolt sicnal was produced

by the load cell with a 10,000 pound static calibration load.

The basic equation used for riotor thrust integratiozi is N Ff

and Y, in this exa.iple, is 5.3W00 counts per lb.sec., obtaiueid

on the 0.1 V range (one second integration time) of the L'ymec

integrator. Use of tne integrator on tnis range on a motor

test in wh h X',Q00 pounds of thrust for 5 seconds was anti-

cipated, would produce a count of 2c8,000. Since tais number

exceeds the capacity of tne integrator display, it must be

reduced by a factor of 10 through the use of the I V riage

of the integrator. To summarize, the system was statically

calibrated on the 0.1 V range but used on the 1 V range.

b. Set the FUNCTION selector to VOLT.

c. Set the SAMPLE PERIOD selector to START, since an extended

sample period is to be used. The system is now ready to integrate

afq- electrical signals from tne load cell, and the motor run

should be made as soon as possible after this step.

d. At the end of a motor run, the integration of its thrust curve

is stopped by switching the SAMPLE PERIOD selector to STOP

as soon as it becomes evident that all propellant burning

has ceased.
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Ir motor cutoff producos csr fl1ntin, rr the -4".ad Ccii cumui j.a a tonp

integration of the i gativclypo)arized load cell sigials rnuzt bc

separate• Y . ntegrated with an additional U•ymec ii•tceratcr in ordr that the
net total i:iulse .reasurement can be accorclisitou. The inVrec i,,teiraLor

handbook discusses its use in full for all modes of operation and will niot

bs repeated here.

In all accurate integration operations it is very important to b.lance the
strain 1at;e bridges as close as possible to zero and to do it at the latest
possible time before a calibration or motor tebt, in order that zero bias

signals are nut integrated along with tne motor thrust.
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DIJTAlLLL C0MPONENT DESCR1PTION5

CONCRETE ABUTMENT AND SUPIPOHT BAS5

A reinforced-coxucrete block, 5 feet lont;, 4 feet high, and 4 feet wide, weighing

approximately 6 tons, serves the dual purposes of a rigid restraint and an accu-

rate reference for mounting alignment of critical calibration and measurement

components. Two steel plates, measuring I foot square and 2 inches thick, were

cast in the fore and aft faces of the block at the time of pouring. The entire

block was poured on a 2 inch thick steel bLse plate. All internal steel sur-

faces were bonded to the coi. .rete by thiopoxy cement. Accurate installation and

alignment of the hydraulic calibration piston and the load cell assembly were

obtained by accurate machining of the fore and aft mounting plates. A pattern

of 1/4 inch holes was accurately machined in each mounting faco in which dowel

pins are placed durine test stand leveling operations. Twenty-two, 3/4 inch

diameter bolts secure the concrete block base plate to the forward I-beam base

assembly, 10 of which are visible along its edge (5 on each side of the block).

Both of the forward and rear I-beam base assemblies consist of three lengthwise

sections of 10 inch high beams welded together by cross beams. The forward base

frame is connected to the EAFB test pad by six tiedown bolts of the design

presently utilized in the BATES program, and the rear base frame by four tiedown

bolts, The forward section is installed first on the test pad, leveled with

shims, and bolted down. The rear section is then installed in position for a

satisfactory enclosure fit, shimmed, and bolted down.

15 -$575
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LOAD CELL AS-EMBLY

The load cell a.-:embly shown in detail B of Fig. 1 and in photo 4 consists of

the series combin:.tion of the thrust dome, load cell, and distributor. The

conical shapes of the dome and distributor, respectively, collect and distribute

the motor thrust force to, and from, the load cell. Coaxial alignment of the

components of this assembly is accomplished by the use of centerline holes in the

load cell into which fit integral centerline pins on the dome and distributor.

The entire load cell assembly is aligned with the front mounting face center hole

by an integral pin machined on the load distributor.

MOTOR MOUNT ASSEMBLY

The entire motor mount assembly consists of two support blocks on a horizontal

platform, two supporting flexures and a secondary mount assembly which connects

the platform to the load cell assembly (see photo 4 ).

The secondary mount assembly also provides connections for the calibration tierods

and the stud and clamp ring which secure the motor in the horizontal direction.

Alignment of the secondary mount assembly with the load cell assembly is accom-

plished by a close fitting recess in its matirig face. Each motor support block

contains two adjustment screws for the vertical and lateral positioning of the

motor on the entire assembly. Installation of the entire motor mount assembly

without the production of excessive transverse forces on the load cell was

accomplished with the use of shims under the feet of the two support flexures.
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Tapered dowel pins were used for the positive location of all components of the

assembly relative to each other and for the location of the entire assembly on

the base plute.

CALIBRATI04 SYSTZM

The Ruska Instrument Corporation hydraulic force calibrator utilized in the

total impulse measurement system produces precise force levels with which the

entire measurement system is calibrated. It is operable either locally at the

test stand or remotely in the test control room. Remote operation of the cali-

bration system permits its use immediately before and after a propellant test

and results in the most accurate system calibrations possible.

The hydraulic force calibrator consists of the combination of a ma!:ter pressure

standard and a precision hydraulic cylinder. Precise hydraulic pressures pro-

duced in the pressure standard by accurate dead weights supported on an oil

column are transmitted to a precision piston-cylinder assembly to produce the

accurate calibration forces. The dead weights were accurately machined to pro-

duce forces of 1000, 2000, 4000, 6000, 8000, and 10,000 pounds at locations

where the local value of gravity acceleration is 979.477 gals (the value at Test

Pad No. 5, Solid Motor Test Area, Rocket Propulsion Laboratory, Edwards AFB on

January 18, 1963). More specifically, the calibration system is essentially a

hydraulic lever with which a large force may be compared to a smaller force in

such a manner and with such precision as to economically justify the hydraulic
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method of comparison as opposed to other methods presently in use. The hydraulic

lever system consists of two loaded pistons of unequal areas against which a

common fluid may be pressurized to obtain equilibrium of the larger and smaller

forces. The system is considered to be in equilibrium or in balance when the

axial load on one piston divided by the piston area is equal to the load on the

other piston divided by its area. In the described calibrator, the smaller

piston and a set of standardized masses constitute the dead weight tester portion

of the entire apparatus, while the larger piston, independent of the loading

mechanism, is referred to as the cell or as the 2r=e cell. Photos 3 and 5 show

major components of the system.

The entire hydraulic calibration system was calibrated by the National Bureau of

Standards, Washington, D. C. prior to its installation in the Rocketdyne test

stand. Installation and operating instructions of the hydraulic force calibration

are contained in a separate manual prepared by the Ruska Instrument Corporation

and are not repeated here. However, one important addition is made to the Ruska

instructions as follows:

Immediately prior to a calibration, to a motor test run, and during a

motor test run, it is important to relieve any small hydraulic pres-

sure that may accumulate in the hydraulic system during periods of non-

operation. This is most easily done by programming the force selector

switch to "zero" pounds and operating the EXECUTE push-button switch.

Operation of the calibrator in this manner opens the solenoid by-pa~is

valve and vents the hydraulic system to the atmosphere. If this is not

done, there is great risk of a false "zero" point in the calibration and

a bias error in any total impulse measurement.
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LOAD CELL POWJ; SUPPLY

The Systems Research Corporation digital power supply used for the load cell

excitatiun is a highly stable and electrostatinally isolated power supply specif-

ically designed for applicatins where precision and resettable D.C. voltages

are required. Its primary use is in accurately setting the range of the strain

gage load cell.

Znstallation and operation of the unit is simple and straight forward. The unit

is energized by the ON switch and selection of voltages is from the front panel

by means of five switches. The selected voltage is supplied to two identical

outputs at the rear panel for the excitation bf the two strain gage load cell

circuits. Voltage also appears at the front panel binding posts. Before oper-

ating, the rear panel barrier strip should be chocked to see that the sensing

leads are properly connected to either the load or at the output terminals. The

point to which they are connected is the point at wiich regulation occurs. For

most accurate readings, a one hour warmup time is recommended.

The circuit of the power supply is a transistorized, regulated and isolated con-

figuration producing 0-18 VDC output up to 200 ma. Referring to the schematic,

115 VAC, 60 cpe power is applied through the rear line cord to the input trans-

former TI. TI is a laminated double shielded type transformer providing two

secondaries, S1 and S2. S2 is tapped to provide a reference voltage and connects

to a full wave bridge ar. filter network to produce a D.C. voltage. This D.C.

voltage is fed through Q1, the series regulator transistor and hence to the output.
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Regulation is achieved by comparing the output voltage to a stable zener diode

reference circuit Z5. Q7, Q8, Q9 and Z4 comprise a regulator that stabilizes

the reference voltage across Z5. The output voltage and reference voltage are

coi:ipared by the difference amplifier Q5 and Q6. The stability of the difference

amplifier is improved by holding the collector voltage constant through the

regulator circuit of Z2, Z3 and Q4.

The output of the difference amplifier then serves as the controlling voltage to

bias the series regulator transistor QI and must ba amplified through Q2 and Q3.

The gain of this feedback loop controls the response and sensitivity of the overall

regulation. The SI secondary of Ti feeds a separate full wave rectifier and filter

to produce the operating voltages for Q2 and Q3.

Photos 6 and 8 show details of the front and rear panels. Specifications of the

power supply are contained in the summary description of all components. An

electrical schematic diagram of the unit is contained in this manual.

The digital balance unit associated with each load cell strain gage circuit employs

decade switching of precision voltage dividers connected in a Kelvin-Varley

arrandement. By accurate selection of close tolerance resistors, superior accu-

racy is obtained and resolution to five significant figures, or 1 part in 100,000,

is realized. Six front panel mounted controls allow nulling with bridge un-

balances as high as plus or minus 5%. The precision resistors possess excellent
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repeatability. Terminals are provided for a limiting resistor, if desired,

otherwise these terminals are jumpered. Connections are subplied at the rear

panel of each bridge balance unit to its associated strain gage circuit. power

supply output, and recorder or indicator. A combination block-schematic diagram

of each balance unit is contained in this manual. Photos 5 and 7 show external

details.

INTEGRATING DIGITAL VOLTMETER

A Dymec (Hewlett-Packard Company) integrating digital voltmeter is employed for

all electrical measurements performed in the calibration and use of the Rocketdyne

total impulse measurement system. Its versatility and range provide the means

for obtaining very close bridge balance prior to calibration of the system, the

accurate indication of load cell output signals during calibration, and the elec-

tronic integration of the voltage-time characteristic supplied by the load cell

during propellant test operations.

All meas_-.rement" are indicated on a 5-digit display, and a sixth position on the

display is provided to indicate the engineering units of each measurement and the

polarity of D.C. voltages. The operational usefulness of these features become

apparent with its use in actual test operations. An internal - I volt standard

is provided for self-calibration. In addition to visually displayed measurements,
f

f means is provided at the rear panel for recording of the basic test data in

I digital form, namely, a pulse-train output whose pulse repetition rate is directly
2
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proportional to motor thrust. A separate Rocketdyne-designed and constructed

unit, used in conjunction with the Dymec unit, enables the tape recordinv of the

pulse-train output. By tiis means, propellant test data can be stored and proc-

essed at a later time.

A full description of the design and use of this instrument is contained in a

separate handbook prepared by the Dymec Division of the Hewlett-Packard Company.

Its external appearance is shown in photos 5 and 7.

SUMMARY OF CRITICAL COMPONENT SPECIFICATIONS

Concrete Abutment Mounting Faces

Concentric to a common axis within 0.005 inch T.I.R.

Parallel to each other within 0.005 inch total

Normal to their common axis within 0.005 inch total

Load Cell

Mfgr: Baldwin-Lima-Hamilton Corporation

Type: CJ.P2S double bridge

Full scale load: 10,000 lbs compression

Full scale output: 3 mv/v input (± 0.15%)

Input: 18 volts maximutm recommended

Bridge resistance: 350 ohms nominal, each bridge

Non-linearity: less than 0.03% full scale

Hysteresis: less than 0.02% full scale
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Repeatability: less than 0.01% full scale

STemperature 
effects: a) on zero output; less than 0.15 k F.S./IO0 °F

b) on sensitivity: less than 0.06b of load
per 100°F

Electrical connectores Catnnon CA 3102 E 14S-6P

End-plate pilot and mounting holes: see sketch

Load Cell Power Supyly

Xfgr: Systems Research Corporation

Model: 3512

Type: digitally programmable (decade switching)

Input power: 95-135 VAC. 60 cps

RegAlations 0.01,S no load-full load and 95-135 VAC

Ripple: 0.05 millivolt, rms

D.C. isolatimns 10 K megohms

Stability: 0.005% per 0C and ± 0.01% in any 8 hour period

Noise at bridge (350 ohm): 2 microvolts, rms

Overvoltage protection: fused

Size: 3-1/2" x 19" x 19" for rack mounting

Connectors: barrier strip on rear

Precision: 5 significant figures (five decades)

Mode of operation: either constant-voltage or constant current

23 A-5575
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BJridg:e 13lance

Mfgr: Systems Research Corporation

Modol: 4700

Type: decade switching of precision vvItabe dividers connected

in a Kelvin-Varley arrangement

Input: 3 wires to strain-gage bridge

Resolution: balance to one microvolt with 350 ohm bridge

Size: 3-1/2" x 19" x 6" for ra:k mounting

General: Six front panel mounted controls to allow nulling with

bridge unbalances to plus or minus five percent.

Precision tolerance resistors of excellent long term

stability used throughout. Quality switches of low

contact resistance used to assure excellent repeat-

ability. Terminals provided for a limiting resistor

if desired. All switch positions in each decade

numbered to enable repeatable settings.

Integrating Digital Voltmeter

Mfgr: Dymec Division of Hewlett-Packard Company

Model: DY-2401A

Type: integrating digital voltmeter

Input power: 95-135 VAC, 60 cps

1. D.C. voltage measurements

A. Noise rejection:
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f
(a) Overall efiective common mode rejectiva of 140 db

at all frequencies.

(b) Common mode rejection of 120 db at 60 cps, 160 db

at dc.

(c) Superimposed noise rejection of more than 20 db at

55 cps for 0.1 second sample period, increasing

20 db per decade increase in frequency.

B. Accuracy (specifications hold for ! 10 line voltage chan6e)

Stability (at constant temperature): ! 0.03 of full scale

per day (0.1 volt range)

Linearity: - 0.005% of full scale, zero to full scale

Temperature effects (+ 100 C + 50 0 C)

(a) Scale factor: t 0.002% of reading per °C

(0o.i and IV ranges)

(b) Zero: 1 0.002% of full scale per 0 C (0.IV range)

(c) Internal calibration source: - 0.002% per °C

2. D.C. voltage integration

Accuracy same as for D.C. voltage measurement, with exception

that errors given as percent of full scale must be multiplied

by the integration time in seconds.

| 25 H-5575
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Wydraulic Calibration Syotem

1. The arithmetic sum of the errors of calibration and

of those arising during use of the cclll are less than

0.05% of the value at any of the six test points.

2. The masses on the dead weight tester were computed

for a local gravity of 979.477 gals.
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Fig. 2. Dimensional Drawing of Load Cell



MODULUS MODULUS
SHUNT SHUNT
RES iSTANCE -RED RESISTANCE

AGE GAGE
+ WHITE

WA AA A A

GREEN + BLACK-

INPUT - BLACK TO GREEN - RESISTANCE 1±= OHMS AT 7O'F
INCREASES U.OHM FOR 50OF RSE

o01fPUT- RED TO WHn'E- RESISTANCE 35013.0 OHMS AT 70OF

CHAN"E IN 0PEN
CIRCUIT0~ OUTPUT

PICKUP VLTA M VOLTAGE AT

RATED CA¢vv1' ZERO LOAD

C3P 3.000t.003MV/V NOT OVER .Ow/v
T3P INPUT INPUT

INPUT INPUr

C2K 2.4WO .006 MV/V NOT OVER .OI4MV/V
T2K INPUT INPUT

U-IA 3000 t.00 MV/V NOT OVER .3OOMV/V
U-3XXA (COMP) INPUT iiUr

I. MN. "W VARI £ WITH 7EMPEREURE TO 0DNIPOSATE FOR Th4ERMOEJBTiC COEWMNT O(
PICKUP METAL

L RCOiWMENCO i0PJUT jL VOLTS AC OR DC. MAX. INPUT M AC OR DC
3. POLARITY IS NMoN WA oPRSIrVE LOAO.

Fig. 3. Schematic Diagram of Load Cell
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11 RESISTORS EACH 4OKri,O I %
R! p 2 R3 Me pty Fie 019 f 1 0 I Rif

A. It 4. R5~LS*~p ~ tttt A

11 RESISTORS EACH 8Krn,Of2%[ IZ R13 114 t15 10 RIG 7 R16 It19 120 121 MMt
-A. -A A - A A - - AAA -- -A A * A - A

yfl - T Un-.-v t Wvv - A.WWW

( 11 RESISTORS EACH I.6KaO.05%
R 23 R24 125 R26 A27 R28 R29 R30 R31 132 1 33

R3 3506 137 136 R39 F440 441 142 N43 1W44

11 RESISTORS EACH 64Af,0.1%1
M5 14614 8 1Aa 49 ISo 151 152 158 * P54

I II RESISTORS EACH I2.8rL,O. I 0%

R56 R57 "S8 159 M6 1t61 162 R$3 1M4 V65 166

BC D

Fig. 6. Schemiatic Diagram' of Bridge Balance
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Photo 2. Calibration Control and Measurement Equipment Section of

Rocketdyne Total Impulse Measurement System
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Photo 4. Bates Motor Mount and Thru3t Retainer Detail
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WEATHERTIGHT

Photo 7. Test Stand Calibration System External hiring Connectiona
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